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Cross Reference to Related Applications 



This appltcatif-in a cortiriuatiun-ii)-part patent application of the following pending U.S. patent 
applications; Human Esterase D. Its Uses and a Process of Purification, Serial No. 091.547, filed August 31. 
5 1987; Retinoblastoma Gene Cancer Suppressing and Regulator, Serial No. 108.748. filed October 15, 1987; 
and Products and Methods frr Controlling the Suppression of the Neoplastic Phenotyoe. Serial No. P65.8P9. 
filed October 31, 1988; Methods of Cell Therapy, Serial No. 07 553.892, filed July 16, 1990; and Method for 
Producing Gene Protein Products. Serial No. 07,553,905» filed July 16, 1990. 

10 Technical Field 



This invention relates ^n general to celt therapy and to methods for treating cells to suppress 

tumorigenesis. 

This invention was made with Government SLJpport under Grant No. EY0575a with the National Institute 
;5 of Health, and the University of California. The Government has certain rights in this invention. 

Background Art 



Much of the focus of cancer research has been on the diagnosis and treatment of the condition. In 

20 recent years, because of advances in knowledge of biochemical processes at the cellular and subcellular 
levels, attention has been directed to methods, not only for diagnosing and treating cancer, but also for 
discovering a predisposition for cancer in the organism. 

In these studies, "cancer suppression" was originally defined by a loss of tumorigenicity obsen/ed in 
fusion cells made with tumor colls and normal fibroblasts, lymphocytes or keratinocytes. The effect was 

25 presumed to be mediated by dominant suppressive factors in normal cells. Evidence indicated that these 
factors were in pad genetic since a correlation existed between suppression of tumorogeniclty and the 
presence of certain chromosomes in fused cells. 

Another meaning for cancer suppressing goncs arose in connection with genetic studies on certain 
childhood neoplasms and adult tumor syndromes. Genes contributing to the formation of these tumors 

30 appear to be oncogenic by loss of function, rather than activation, as with the classical oncogenes 
Retinoblastoma, a childhood eye cancer, has provided the prototypic example. Refined cytogenic analysis 
and study of restriction fragment length polymorphisms (RFLPs) have suggested that retinoblastoma may 
result from a loss of a gene locus located in chromosome band 13q14. As referenced to the above 
referenced pending patent applications will disclose, significant advances have been made in the utilization 

35 of RB cDNA and RB protein not only in diagnosis and methods of treatment of RB-related tumors, but also 
in the elucidation of the cancer suppressor functions of other genes. Nevertheless, a significant need exists 
for appropriate methods for the therapeutic treatment of osteosarcoma, lung carcinoma, lymphomas and 
leukemias, which are not aminable to treatment by RB modalities 

In view of the above, it would be highly desirable to have a method for specific therapeutic treatment, 

40 independent of RB modalities, tor osteosarcomas, lung carcinomas, lymphomas and leukemias. Further, it 
would be highly desirable to have such methods which could be used in conjunction with RB cDNA and 
protein product for the treatment of various tumors. Of course, it would be highly desirable to have such a 
therapeutic product which could be made in a purified state and which would be readily and effectively 
deliverable to a defective coll in a sate manner. 

45 

Disclosure of Invention 



It is a pnmary object of this invention to provide generally safe and specific therapeutic methods and 
products useful for controlling cancer suppression. It is a further object of this invention to provide products 
50 and methods for controlling cancer suppression which are specific for suppression and eradication of 
cancer tumors and which utilize biotechnological methods and products. 

It IS a still further object of the present invention to provide a pharmaceutical composition for 
therapeutically treating cancers wherein the composition is functional at the cellular and intracellular levels. 

It is yet still another object of the present invention to provide a pharmaceutical composition for treating 
55 conditions caused by defective, mutant or absent cancer suppressor genes wherein the active ingredient of 
the composition is a natural or synthetically produced product. 

The present invention provides a m.ethod for utilizing p53 cDNA. and p53 gene products, for the 
suppression of the neoplastic phenotype. 
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Brief Description of Drawings 

Tf5H above rrentioned anrl jther uujects and features of this invention and the manner of attaining them 
will become apparent, and the invention itself aiII be best understood by reference to the following 
5 description of the embodiment of the invention in conjunction with the accompanying drawings, wherein: 
FIG 1A is a diagrammatic representation of three human p53cDNAs, 

FIG IB is a diagrammatic representation of the genomic organization of three p53 retroviruses; 
FIG 2A IS a chromatogram depicting expression of human p53 proteins in virus-producing cell lines; 
FIG 2B is a chromatogram depicting half-life determination of human p53 in virus-producing lines by 
TO pulse-chase labeling experiments. 

FIG 3 depicts the expression of human p53 proteins in virus-infected Saos-2 cells; 
FIG. 4 IS a chromatogram of p53B/T complex formation in Saos-2 cells; 
FIG. 5 depicts morphology m a culture of parental Saos-2 cells; 

FIG 6A is a schematic representation of the doubling times of parental Saos-2 cells and virus-infected 
lb clones; 

FIG. 68 is a schematic representation of the saturation density of parental Saos-2 and EN clones; 

FIG 7A is a Southern blot depicting the presence of a single integrated copy of Vp53E-Neo in p53EN-1 

cells; and 

FIG, 78 is a Southern blot depicting single, independently integrated copies of Vp53B-Hygro in p53EN- 
20 BH clones. 

Detailed Description of Figures 

In FIG. 1A, three human p53 cDNAs are diagrammed. The sequence reported by Lam and Crawford, 

25 Mol. Cell. Biol. 6, 1379-1385 (1986), here labelled as p53L. was derived by sequencing clones from human 
fetal Fiver cDNA and genomic libraries, and is considered to be wild-type. p53B is a cDNA clone derived 
from fetal brain RNA by the RT-PCR method which resulted in cloning of wild type p53 (p53B) cDNA as 
follows: about 15 ug of fetal brain RNA wore mixed with l b ug of oligo (dT) primer and 60 units of avian 
myeloblastosis virus reverse transcriptase in cDNA buffer (50 mM Tris-HCI, pH 8.0. 80 mM KCI, 5 mM 

30 r^gCI2. ImM each dATP, dGTP. dTTP. and dCTP). The reaction mixture was incubated for 90 min at 42 'C. 
After reaction, RNA was degraded with 0.5N NaOH, and single-stranded cDNA was precipitated with 
othanol. PCR amplification was carried out with one-tenth of the cDNA, 100 ng of each oligonucleotide 
primer (5'-TGCAAGCTTTCCACGACGGTGACACGCT-3' and 5'-AGTGCAGGCCAACTTGTTCAGTGGA-3'), 
and 5U of Taq polymerase in PCR buffer (50 mM KCI. 10 mM Tris-HCI. pH 8.3. 15 mM MgCI2. and 

35 0.001% gelatin) for 40 cycles in a programmable heat block (Ericomp, San Diego, CA). Each cycle included 
donaturation at 93'C for l minute, reannealing at 62*C for 60 seconds, and primer extention at 72'C for 3 
minutes. PCR products were extracted with phenol and precipitated with ethanol. The precipitate was 
dissolved in H?0 and digested with restriction enzymes (Hind til and Sma 1). The p53cDNA fragment was 
subcloned into virus vector to form Vp53B-Neo. Subcloned p53B was sequenced by using the dideoxy 

40 Cham termination method (F. Sanger, S. Nicklen. A.R. Coulsen, Proc. Natl. Acad. Sci. U.S.A. 74. 5463 
(1977)). 

The deducted amino acid sequences of p53B and p53L were identical despite two silent nucleotide 
substitutions as indicated p53E is a cDNA clone provided by E. Harlow, that has amino acid substitutions at 
positions 72 and 273 relative to p53L or p53B. The Arg/Pro^^ replacement represents a common amino acid 
45 polymorphism, without known functional significance. On the other hand, the substitution of His for Arg at 
position 273 is found exclusively in tumor cells and is considered to be a mutation. Like many other p53 
mutations. Arg ^^^"> His lies within one of two regions required for binding to SV40 T antigen (hatched 
boxes). 

In FIG. IB. the genomic organization of three p53 retroviruses are diagrammed. Vp53E-Neo was 
50 constructed by inserting a 1 5 kb Hind Ill-Sma I DNA fragment containing p53E into the plasmid pLRbRNL, 
replacing RB cDNA. A 1.35 kb p53B DNA obtained by RT-PCR was directly inserted into the pLRbRNL 
vector to form Vp53B-Neo. The insert in one clone was entirely sequenced, as diagrammed in FIG. lA. 
Vp53B-Hygro was constructed by insertion of a Hind III DNA fragment containing p53B and the RSV 
promoter into plasmid 477 (a MuLV-Hygro vector kindly provided by W Hammerschmidt and B. Sugden) 
56 These constructs were then used to produce the corresponding viral stocks using conventional techniques. 
Some major restriction sites important for construction are indicated. H = Hind III. R = EcoR I. S = Sma I. 
B - Bam HI. C = Cia I 

FIG. 2A IS a chromatogram depicting Murine PA 12 cells (lane r^il). hur^nan WFRI-Rb27 retinoblastoma 
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cells (Lane m2). and Vp53En-. Vp53BN-. or Vp53BH-produc-ng F^A )?. cells which were rrietaboltcaily 
labelled with "^-^ -methionine. Cell lysates were irnmun-prociDilateri with ant|-p53 antibody PAb421 utilizing 
cofvvefitiofial methods, immunoprecipitates were separated by 8.5% SDS-polyacrylamide gel elec- 
trophoresis (SDS-PAGE). and autoradiographed. mart-.er lanes n-i1 and m2 show endogenous munne p53 
(Mp53) and both polymorphic forms of human p53 (Hp53) Human p53B (filled arrow) and p53E (open 
arrow) proteins in mouse cells are indicated. 

FIG. 23 depicts half-life determination of human p53 in virus-producing lines by pulse-chase labeling 
expenments. PA12 cells expressing p53E (panel a) cr pS3B (panels b & c. representing two independent 
clones) were labelled with 0.25 mCi/ml S-methionine for 60 minutes, and chased with a 1000-fold molar 
excess of unlabeled methionine. At the indicated times, cells were harvested for immunoprecipitation ot p53 
protein with PAb421 as described above. The half-life of p53B was 20-30 minutes wfiereas that of p53E was 
4-5 hours. Marker lanes ml and m2, and filled and open arrows, were as in FIG. 2A. 

FIG. 3 is a chromatogram depicting expression of human p53 proteins in virus-infected Saos-2 cells. 
Saos-2 cells (lanes 1 and 7) were infected with Vp53E-Neo. Vp53B-Neo. or Vp53B-Hygro to generate 
p53EN (lanes 2-6). p53BN (lanes 8-10), or p53BH (lanes 1 1 ar)d 12) clones, respectively. Saos-2 cells were 
also doubly infected with Vp53E-Neo and Vp53B-Hygro to generate p53EN-BH clones (lanes 13-15). 
Randomly-selected clones, and WERI'Rb27 cells (lanes M). were labeled with ^^S-methionine and im- 
munoprecipitated with PAb421 as described with regard to FIG. 2A. p53B (filled arrows) and p53E (open 
arrows) are indicated. 

20 FIG. 4 depicts p53B-T complex formation in Saos-2 cells. Clones p53BN-1 (lanes 1 and 2). p53BH-1 
(lanes 3 and 4), p53EN-1-BH-1 (lanes 5 and 6). and p53EN-1-BH-2 (lanes 7 and 8) were transfected with 
plasmid pRSV40T by conventional methods, and 60 hours later, were metabolically labelled with ^^S- 
methionine. Cell lysates were Immunoprecipitated with PAb421 (lanes M, 1, 3, 5 and 7) or with PAb419, a 
monoclonal antibody against SV40T antigen (lanes 2, 4, 6 and 8). PAb419 copreciprtated only p53B in cells 

25 expressing both p53B and p53E. 

FIG. 5 is a photograph depicting morphology in culture of parental Saos-2 cells, and representative 
virus-infected clones at magnification 100x. In row A, exponentially growmg cells were shown while in row 
B, cells at confluency are shown. 

FIGS. 6A and 6B are schematic representations of growth effects of p53 expression in Saos-2 cells. In 

30 FIG. 6a, the doubling times of parental Saos-2 cells and virus-infected clones in an exponential growth stage 
are shown. Equal numbers of each cell type were seeded Into 60 mm culture dishes; cells of two dishes 
were trypsinizod and counted at daily intervals for 4 days. Doubling times were derived from lines fitted to 
log cell numbers. FIG. 6B shows the saturation density of parental Saos-2 and En clones. Equal numbers (1 
X 10^) of cells were seeded into 60 mm culture dishes; cells of two dishes were trypsinized and counted at 

35 the times indicated. Plotted points were mean cell numbers from duplicate dishes. Saturation density of 
p53E-expressing cells was 4- to 5- fold greater than parental cells. 

FIG. 7 is a Southern blot of p53EN-BH cells which harbored one copy of Vp53E-Neo and one copy of 
Vp53B-Hygro. Genomic DNA (lOug) extracted from parental Saos-2 cells and the indicated clones was 
digested with EcoR I, and separated in 0.7% agarose gels. Southern transfer was performed, and nylon 

40 membranes were hybridized with 32p-iabclled noo (panel A) or hygro (panel B) DNA probes, utilizing 
standard methods. A single junctional fragment is seen in each clone with each probe, indicating single 
integrated copies of each virus. 
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Best Mode for Ca rrying Out the Invention 

Tumor suppressor genes are defined as genes for which loss-of-funclion mutations are oncogenic. It Is 
recognized that wild-type alleles of such genes may function to prevent or suppress oncogenesis. The 
retinoblastoma gone (RB) is the phototype of this class. Both alleles of this gene are invariably mutated in 
retinoblastoma cells, and RB mutations are also found in a subset of other human neoplasms including 
osteosarcoma, soft-tissue sarcomas, and carcinomas of breast, lung, bladder and prostate. Introduction of a 
wild-type copy of RB into retinoblastoma cells suppressed their tumorigemc properties in nude mice, 
thereby providing direct evidence for tumor suppression by a single gene. In this regard, please refer to the 
copending patent application entitled "Products and Methods for Controlling the Suppression of the 
Neoplastic Phenotype," Serial No 265.829. filed October 31, 1988 The wild-type RB gene was also 
introduced into human prostate carcinoma cells containing an endogenous, mutated RB protein ( Scienc e 
247, (1990)). Expression of the exogenous gene again suppressed the tumongonicity of these cells, 

implying that wild-type RB protein was phenotypically dominant to the mutated form. These results support 
a general model for the properties of [umof suppressor genes that has emerged from the "two-hit" 
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hypothesis of Knudson and the cell hybrid studies of Harris ot al. {Proc Natl. Acad. Sci. USA 68, 820-823 
(1971)). Nature 223, 363-368 (1969)) ThR nucleotide Sr3qur:nr.r. nf thp p5'3 gene is~dr:pictt:^cl in table 3. 



Table 3 

1/1 31/11 

ATG GAG GAG CCC GAG TCA CAT OCT AGC CTC GAG CCC CCT CTG ACT CAG GAA ACA TTT TCA 
61 / 21 91 / 31 

GAC CTA TGG AAA CTA CTT CCT GAA AAC AAC GTT CTG TCC CCC ITG CCG TCC CAA GCA ATG 
121 / 41 151 / 51 

GAT GAT TTG ATG CTG TCC CCG GAC GAT ATT GAA CAA TGG TTC ACT GAA GAC CCA GGT CCA 
181 / 61 211 / 71 

GAT GAA GCT CCC AGA ATG CCA GAG GCT GCT CCC CGC GTG GCC CCT GCA CCA GCA GCT CCT 
241 / 81 271 / 91 

ACA CCG GCG GCC CCT GCA CCA GCC CCC TCC TGG CCC CTG TCA TCT TOP GTC CCT TCC CAG 
301 / 101 331 / 111 

AAA ACC TAC CAG GGC AGC TAG GGT TTC CGT CTG GGC TTC TTG CAT TCT GGG ACA GCC AAG 
361 / 121 391 / 131 

TCT GTA ACT TCC ACG TAC TCC CCT GCC CTC AAC AAG ATG TTT TGC CAA CTC GCC AAC ACC 
421 / 141 451 / 151 

TGC CCT GTG CAG CTG TGG GTT GAT TCC ACA CCC CCG CCC GGC ACC CGC GTC CGC GCC ATG 
481 / 161 511 / 171 

GCC ATC TAC AAG CAG TCA CAG CAC ATG ACG GAG GTT GTG AGG CGC TGC CCC CAC CAT GAG 

25 541 / 181 571 / 191 

CGC TGC TCA GAT AGC GAT GGT CTG GCC CCT CCT CAG CAT CTT ATC CCA GTG GAA GGA AAT 



20 



30 



35 



601 / 201 631 / 211 

TTG CGT GTG GAG TAT TTG GAT GAC AGA AAC ACT TTT CGA CAT AGT GTG GTG GTG CCC TAT 
661 / 221 691 / 231 

GAG CCG CCT GAG GTT GGC TCT GAC TGT ACC ACC ATC CAC TAC AAC TAC ATG TGT AAC AGT 
721 / 241 751 / 251 

TCC TGC ATG GGC GGC ATG AAC CGG AGA CCC ATC CTC ACC ATC ATC ACA CTG GAA GAC TCC 
781 / 261 811 / 271 

AGT GGT AAT CTA CTG GCA CGG AAC AGC TTT GAG GTG CGT GTT TGT GCC TGT CCT GGG AGA 
841 / 281 871 / 291 

GAC CGG CGC ACA GAG GAA GAG AAT CTC CGC AAG AAA GGG GAG CCT CAC CAC GAG CTG CCC 
901 / 301 931 / 311 

CCA GGG AGC ACT AAG CGA GCA CTG CCC AAC AAC ACC AGC TCC TCT CCC CAG CCA AAG AAG 

961 / 321 991 / 331 

AAA CCA CTG GAT GGA GAA TAT TTC ACC CTT CAG ATC CGT GGG CGT GAG CGC TTC GAG ATG 

1021 / 341 1051 / 351 

TTC CGA GAG CTG AAT GAG GCC TTG GAA CTC AAG GAT GCC CAG GCT GGG AAG GAG CCA GGG 

1081 / 361 1111 / 371 

45 GGG AGC AGG GCT CAC TCC AGC CAC CTC AAG TCC AAA AAG GGT CAG TCT ACC TCC CGC CAT 

1141 / 381 1171 / 391 

AAA AAA CTC ATG TTC AAG ACA GAA GGG CCT GAC TCA GAC TGA 



40 



50 



55 



5 



EP 0 475 623 A1 



















Table 


4 
















1 


/ 


1 










31 


/ 


11 














5 


Biet glu glu 
61 / 21 


pro gin 


ser 


asp pro ser 


val glu 

91 


pro 

/ 


pro 

31 


leu 


ser 


gin 


glu 


thr phe ser 




asp 
121 


leu 
/ 


trp 
41 


lys leu 


leu 


pro glu asn 


asn 


val 
151 


leu 
/ 


ser 
51 


pro 


leu 


pro 


ser 


gin 


ala net 




asp 
181 


asp 
/ 


leu 
61 


net leu 


ser 


pro asp asp 


ile 


glu 
211 


gin 

/ 


trp phe 
71 


thr glu 


asp pro gly pro 


JO 


asp glu 
241 / 


ala 

81 


pro arg 


met 


pro glu ala 


ala 


pro 
271 


arg 

/ 


val 
91 


ala 


pro 


ala 


pro 


ala 


ala pro 




thr 

301 


pro 
/ 


ala 
101 


ala pro 


ala 


pro ala pro 


ser 


trp 
331 


pro 
/ 


leu 
111 


ser 


ser 


ser 


val 


pro 


ser gin 


15 


lyc 
361 


thr 

/ 


tyr 
121 


gin gly 


ser 


tyr gly phe 


arg 


leu 
391 


gly 
/ 


phe 
131 


leu 


his 


ser 


gly 


thr 


ala lys 




ser 
421 


val 

/ 


t^r 
141 


cys thr 


tyr 


ser pro ala 


leu 


asn 
451 


lys 
/ 


met 
151 


phe 


cys 


gin 


leu 


ala 


lys thr 


20 


cys 
481 

ala 
541 


pro 
/ 

lie 
/ 


val 
161 

tyr 
IBl 


gin leu 
lys gin 


trp 
ser 


val asp ser 
gin his set 


thr 
thr 


pro 
511 

glu 
571 


pro 
/ 

val 
/ 


pro 
171 

val 
191 


gly 
arg 


thr 
arg 


arg 
cys 


val 
pro 


arg 
his 


ala net 
his glu 




arg 
601 


cys 
/ 


ser 
201 


asp ser 


asp 


gly leu ala 


pro 


pro gin 
631 / 


his 
211 


leu 


ile 


arg 


val 


glu 


gly asn 


25 


leu 
661 


arg 
/ 


val glu tyr leu 
221 


asp asp arg 


asn 


thr phe 
691 / 


arg 
231 


his 


ser 


val 


val 


val 


pro tyr 




glu 
721 


pro 

/ 


pro glu val gly 
241 


ser asp cys 


thr 


thr 
751 


ile 

/ 


his 

251 


tyr 


asn 


tyr 


net 


cys 


asn ser 


30 


ser 
781 


cys 

/ 


net 

261 


gly gly net 


asn arg arg 


pro 


ile 
831 


leu 
/ 


thr 
271 


ile 


ile 


thr 


leu 


glu 


asp ser 




ser 
841 


gly 
/ 


asn 
281 


leu leu gly 


arg asn ser 


phe 


glu val 
871 / 


arg 
291 


val 


cys 


ala 


cys 


pro 


gly arg 


35 


asp 
901 


arg 

/ 


arg 
301 


thr glu glu 


glu asn leu 


arg 


lys lys 
931 / 


gly 
311 


glu pro 


his 


his 


glu 


leu pro 


pro 
961 


gly 
/ 


ser 
321 


thr lys 


arg 


ala leu pro 


asn 


asn 
991 


thr 
/ 


ser 

331 


ser 


ser 


pro gin 


pro 


lys lys 




lys pro 

1021 / 


leu asp gly glu 
341 


tyr phe thr 


leu 


gin ile 
1051 / 


arg 
351 


gly arg 


glu arg 


phe 


glu net 


40 


phe arg 
1081 / 


glu 
361 


leu asn glu ala leu glu 


leu 


lys asp 
1111 / 


ala 
371 


gin 


ala 


gly 


lys 


glu 


pro gly 




gly ser 
114X / 


arg 
381 


ala his 


ser 


ser his leu 


lys 


ser lys 
1171 / 


lys 

391 


gly gin 


ser 


thr 


ser 


arg his 




lys 


lys 


leu 


net phe lys 


thr glu gly pro 


asp 


ser 


asp 


OPA 













45 



p53 (Table 4) was originally identified as a mammalian cellular protein that binds to SV40T antigen, a 
property that is also shared by RB protein. Deletions or rearrangements of the murine or human gene 
encoding p53 were found In Friend virus-induced murine erythroleukemias. and in human osteosarcomas. 

50 lung carcinomas, lymphomas and leukemias. On the other hand, many human breast, lung and colon 
carcinomas expressed high levels of aberrant p53 species with markedly prolonged half-lives due to certain 
point mutations in the p53 gone (Genes Dcvel. 4, 1-8 (1990)). These observations suggest that mutation of 
p53 contributes to human oncogenesis. p53 was originally considered to be an oncogene because it was 
known tfiat it could transform primary rat embryo fibroblasts in concert with an activated ras gene. However. 

55 the observation of p53 deletions, and point mutations scattered over several exons, also suggested that p53 
might be a tumor suppressor gene, i.e.. a gene that was inactivated by mutation. Indeed, Finlay et al. and 
Eliyahu et al. (Cell 57. 1083-1093 (19B9)) Proc. Natl. Acad. Sci U.S.A. 86. 8763-8767 (1989)) found that 
cotransfection cf murine wild-type p53 DNA could reduce the transformation efficiency of transfected 
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oncogenes in rot embryo fibroblasts, whereas mutated p53 ONA enhanced such transfornnation. The 
dominant transforming ctfent was presumed to be due to a "dominant .ittgative" artiv-ty of mutated p53 
protein that somehow blnrked t^>c i^rowtti-restricting function ot wild-type p53 protein in cells This model 
suggested that the relative quantity of mutated to wild-type pb3 could determine the transformed 

5 ohenotype, but gene dosage could not be tightly controlled in these transfection studies. 

Because of such te^chnical questions, as well as the possibility of species-specific differences in p53 
^unction and the uncertain relevance of transformed animal cells to human neoplasia, it was determined that 
The biological properties of pb3 m the human system should to reassessed, it was recognized that an ideal 
host cell for these studies would allow the experimental manipulation of single copies of mutated or wild- 

to type p53 alleles. However, most cultured human cells contain endogenous and possibly mutated p53 alleles 
that are not accessible to external control. The human osteosarcoma cell line Saos-2 was therefore chosen 
because it has no endogenous p53 due to complete deletion of its gene. Recombinant retroviruses derived 
from f/oloney murine leukemia virus (Mo-MuLV) were used to introduce mutated and/or wild-type p53 
under LTR promoter control Cell clones isolated after infection and selection carried only a single 

7 5 integrated provtrus of each type, and multiple clones were analyzecf to exclude positional effects. A 
comprehensive assessment of biological properties of these clones included morphology, growth rates and 
saturation density in culture, colony formation in soft agar, and tumorigenicity in nude mice. 

Preparation of mutated and wild-type p53 recombinant retroviruses. 

20 

As a reference standard for human wild-type p53, the genomic DNA sequence of Lamb and Crawford 
(Mol. Cell. Biol. 6, 1379-1385 (1986)) was used. Potentially wild-type p53 cDNA was isolated from fetal brain 
RNA by the method of RT-PCR. and was cloned into piasmid. In cloning of wild type p53 (p53B) cDNA 
about 5ug of fetal brain RNA were mixed with 1.5ug of oligo(dT) primer and 60 units of avian 

25 myeloblastosis virus reverse transcriptase in cDNA buffer (50 mM Tris-HCI, pH 8.0, 80mM KCI, 5mM 
MgCb, 1mM each dATP, dGTP, dTTP, and dCTP). The reaction mixture was incubated for 90 min at 42* C. 
After reaction, RNA was degraded with 0.5N NaOH, and single-stranded cDNA was precipitated with 
othanol. PGR amplification was carried out with one-tenth of the cDNA, 100 ng of each oligonucleotide 
primer (5'-TGCAAGCTTTCCACGACGGTGACACGCT-3' and 5-AGTGCAGGCCAACTTGTTCAGTGGA-3'), 

30 and 5 U of Taq polymerase in PGR buffer (50 mM KCI, 10 mM Tris-HCf. pH 8.3. 1.5 mM MgCb. and 0. 
001% gelatin) for 40 cycles in a programmable heat block (Ericomp, San Diego. CA). Each cycle included 
dcnaturation at 93 "C for 1 minute, rcanncaling at 62" for 80 seconds, and primer extension at 72 'C for 3 
minutes. PGR products were extracted with phenol and precipitated with ethanol. The precipitate was 
dissolved in H2O and digested with restriction enzymes (Hind III and Sma 1). The p53 cDNA fragment was 

35 subcloned into virus vector to form Vp53B-Neo. Subcloned p53B was sequenced by using the dideoxy 
chain termination method ( Proc. Natl Acad. Sci. U.S.A. 74. 5463 (1977)). 

The insert in one clorTe (designated p53B) was entirely sequenced (-1300 bp) to reveal a wild-type 
deduced amino acid sequence despite two silent nucleotide replacements (FIG. 1A) Another p53 cDNA 
clone (p53E), isolated from an epidermoid carcinoma cell line A431. was also sequenced, and was found to 

40 contain a point mutation at codon 273 that replaced Arg with His (FIG. 1A). This is a functionally significant 
mutation that has also been identified in p53 from two other tumor cell lines, in addition, a neutrcil sequence 
polymorphism in codon 72 (FIG. 1A) encoded either an Arg (p)53B) or a Pro (p53E). This common amino 
acid polymorphism, which is without known functional significance, resulted in faster migration of p53B than 
p53E protein by SDS-PAGE, and was therefore exploited to distinguish between these proteins when they 

45 were coexpressed in the same cell. 

p53E and p53B were then inserted into a Mo-MuLV-based retroviral vector containing neo as a 
selectable marker gene to form Vp53E-Neo and Vp53B-Neo viral genomes, respectively (FIG. IB). In 
addition, to facilitate double replacement, Vp53B-Hygro was made by inserting p53B into a similar vector 
containing the gene which is known to confer resistance to hygromycin. Stocks of Vp53E-Neo. Vp53B-Neo 

50 and Vp53B-Hygro viruses were produced, utilizing conventional methods, with titers of about 1 x 10^, 2 x 
10*. and 1 x 10^. respectively. Expression of p53 proteins from the viruses was initially assessed in the 
munne NIH3T3-dorived packaging line, PA12, that was used for virus production. Mutated and wild-type 
human p53 proteins were detected in their respective virus-producing cells, with the expected difference in 
migration by SDS-PAGE (FIG 2A) Because spontaneous mutation of p53 may occur frequently in cultured 

55 colls, two additional biochemical properties of these p53 proteins were examined. These were their cellular 
half-lives, and their ability to bind to T antigen. p53B protein had a half-life of 20-30 minutes compared to 4 
to 5 hours for p53E protein (FIG. 2D), consistent with publishe^d reports on the half-lives of wild-type and 
mutated p53 proteins. Wfien virus-producing cells were Iransfected witfi a plasrpid expiressmg iarge 
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amounts of SV40T antigen, and lysates were immunoprecipitated with anti-p53 cr anti-I antibodies, T 
antigen was coprecipitated wtth p53B but not p53E protein, indicatino thai only p53B orotem C'-uSd binil tu 
T. These results together suggested that p53B-contatfiing viruses expressed wild-type, and that p53E 
containing virus expressed mutated pb3. 

5 

Expression of exogeneous p53 in osteosarcoma cells 



Osteosarcoma cell lino Saos-2, which contains no endogenous p53. because of deletion of its gene, 
provides a clean background for functional studies of p53. In previous experiments. Saos-2 cells infected 

10 with parental viruses containing only neomycin- or hygromycin-resistance genes showed no changes in 
morphology and growth rate compared to uninfected cells, suggesting that drug selection did not have a 
significant influence on their neoplastic properties. Saos-2 celts infected with comparable titers of either 
VpSSE-Neo, Vp53B-Neo. or Vp53B-Hygro in the presence of the appropriate selective agent each yielded 
similar numbers of drug-resistant colonies Most colonies could be individually propagated into mass 

75 cultures, with the notable observation that Vp53B-infected cells grew much more slowly than Vp53E- 
infected cells. Vp53E-infected clones uniformly expressed high levels of p53E protein (FIG. 3A). Of 30 
Vp53B-infected clones examined, about 80% expressed detectable p53B protein (FIG. 3B). Two each of 
\/p53E-Neo and Vp53B-Hygro clones were randomly selected for a second infection by the other virus, and 
double-infected clones were isolated and propagated as above. These clones coexpressed both p53E and 

20 p53B protein (FIG. 30). To again verify that p53B protein in these cells was not secondarily mutated. p53B- 
expressing clones were transfected with the SV40 antigen plasmid. and lysates immunoprecipitated as 
described above (FIG. 4). Anti-p53 antibody coprecipitated T in each clone, but anti-T antibody coprecipitat- 
ed only p53B. even in cells expressing both p53B and p53E. The half-life of p53B in Saos-2 was also 
measured, and was similar to that of p53B in PA 12 cells. These data again support the notion that Vp53B- 

25 infected Saos-2 clones expressed wild-type p53. 

Mutated p53 conferred a limited growth advantage to Saos-2 cells in culture. 



Five randomly chosen clones that stably expressed p53E protein (p53EN-1 to 5) were compared to 
30 parental cells in terms of morphology (FIG. 5). growth rate (as doubling time. FIG. 6A). saturation density 
(FIG. 6B), soft-agar colony formation and tumorigenlcity in nude mice were determined. In Tables t and 2, 
the results of soft-agar colony formation and tumorigenicity in nude mice, respectively are tabulated. 



35 
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TABLE 1 

Scft-agar colony formation of 
p53 virus-infected Saos-2 cells 



Cell nuiTiber seeded 
l.OxlO^ 2.5x10'* 



Virus-infected . p53 expression 





cells 




Colony 


nujTiber 






T5 


Parental 




392/388 


104/76 


No 




20 


p53EN-l 
p53EN-2 
p53EN-3 
P53EK-4 
p53EN-5 




928/968 
517/593 
485/534 
445/498 
582/441 


396/372 
121/105 
96/123 
106/121 
132/172 


Mutated 
Mutated 
Mutated 
Mutated 
Mutated 




25 


p53BN-l 

p53BN-3 
p53BN-4 




<1/<1 
<!/ <1 
<1/<1 
<1/<1 


<1/<1 

^ 1 I ^ T 
< 1/ ^ X 

<!/<! 
<1/<1 


Wild type 
rfxi.Q \.ype 
Wild type 
Wild type 






P535N-R 




414/384 


54/48 


No 




30 


P53BH-1 
P53BH-2 
P53BH-3 




<1/<1 
<1/<1 
<1/<1 


<!/<! 
<1/<1 
<1/<1 


Wild type 
Wild type 
Wild type 




35 


p53EK-l-BH- 
P53EN-1-BH- 
p53EN-l-BH- 
p53EN-2-BH- 
p53EN-2-BH- 


1 
2 
3 
1 
2 


<1/<1 
<1/<1 
<1/<1 
<1/<1 
<1/<1 


<1/<1 
<!/<! 
<!/<! 
<1/<1 
<1/<1 


Mutated/Wild 
Mutated/Wild 
Mutated/Wild 
Mutated/Wild 
Mutated/Wild 


type 
type 
type 
type 

type 
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TA5LS 2 

Tur.oricenicity of p53 virus-infected Sacs-2 cells 

5 



J?o of nice with tumor 



Virus- infected 




p53 expression 


cells 


Ko of nice 


injected 


Parental 


10/10 


No 


p53ZN 


12/12 


Kutated 


P53BN 


0/5 


Wild type 


p53BH 


0/6 


Wild type 


p53BN-R 


3/3 


Ko 


P53ZN-5H 


0/5 


Kutated/Wild type 



A difference in morphology was observed only under conditions of cell crowding, where cells of EN 
25 clones were far smaller and more refractile than parental cells (FIG. 5B). Correlatively. saturation density of 
the former was 4- to 5-fold greater than that of parental cells (FIG. 6B). This relative growth advantage was 
seen despite similar doubling times as measured under sparse growth conditions (FIG. 6A). Four EN clones 
and parental cells shared similar efficiencies in soft-agar colony formation (Table 1) and tumorigenicity in 
nude mice (Table 2). One clone. p53EN-1. had noticibly augmented abilities in both respects: in particular, it 
30 reliably formed large tumors from as few as 5 x 10^ injected cells. This discrepancy was considered to be 
within the range of clonal variability expected among tumor cells. In summary, these results suggested that 
mutated p53 functioned in the absence of wild-type p53 to confer a limited growth advantage (higher 
saturation density) to Saos-2 cells in culture. In many other aspects of the neoplastic phenotype. the 
presence of point-mutated p53 was essentially equivalent to complete absence of p53. 

35 

Wild-type p53 suppressed the neoplastic properties of Saos-2 cells. 



In comparison to parental Saos-2 cells, clones expressing p53B were invariably enlarged and flattened 
(FIG. 5), and had prolonged doubling times in culture of about 70 hours rather than 30-36 hours for parental 

40 or EN cells (FIG. 6A). Remarkably, the efficiency of soft-agar colony formation was reduced to less than the 
threshold for detecting a single colony, whereas parental cells and EN cells formed hundreds of colonies 
under the same conditions (Table 1). Injection of 1 x 10^ cells of each of seven p53B-expressing clones 
intom the flanks of nude mice resulted in the formation of no tumors after 8-10 weeks, even while the 
same numtx)r of parental or p53E-expressing cells formed tumors in all contralateral flanks (Table 2). These 

45 findings could not be explained by a peculiar effect of viral infection and selection because one clone. 
Vp53BN-R, derived from Vp53B-Neo-infected cells but lacking detectable expression of p53B. had a 
phenotype Indistinguishable from parental cells (Tables 1 and 2). The -50% reduction of grov^h rate of 
cultured Saos-2 cells by p53B was insufficient to account for the complete loss of tumorigenicity and soft- 
agar colony formation, implying that wild-type p53 specifically suppressed the neoplastic phenotype of 

50 these cells. These results suggested that loss of wild-typ)e p53 was a significant event during the genesis of 
this tumor line, and, by extension, of other osteosarcomas, with mutated endogenous p53 genes. 

Wild-type p53 was dominant to mutated p53 in a two-allele configuration. 

55 Because both mutated and wild-type p53 proteins were apparently functional in Saos-2 cells, it was of 

interest to determine whether both activities could be simultaneously cocxprcsscd, whether they cancelled 
out one another, or whether one activity was clearly dominant over the other. The configuration of one wild- 
type and ur.e mutated allele was most relevant to natural human tumoriyenesis, because this is a necessary 
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intermediate step on the pathway toward connplete loss o1 wild-type p53. Infection of two different p53E- 
expressing clones with Vp53B-Hygro yielded 2?. hygromycin-resi^tant cl(^nes, of which If) cnexpressed both 
p53B i-.fuj p53F. lo d;-terrnritne ttie fiufribtr of tntegra:ed copies of each virus present in these clones, 
genonnic DNA of three clones derived from p53EN-l celts infecied with Vp53B-Hygro was analyzed by 

5 Southern blotting (FIG Hybridization with neo as a probe showed a single, common junctional fragment 
in all three clones, indicating the presence of a single integrated copy of Vp53E-Neo in p53EN-1 cells (FIG. 
7A). Hybridization with h/gro showe<j a single, unique junctional fragment in each clone, indicating the 
presence of single, independently integrated copies of Vp53B-Hyqro in p53EN-BH clones <FIG. 7B). Single 
integrations were expected, based on previous use of a related recombinant retrovirus all comparable titers. 

w These findings confirnned that p53EN-BH clones indeed contained one integrated copy of each virus, and 
that both exogenous p53 genes were expressed (FIG. 3). By criteria of morphology, growth rate, saturation 
density, soft-agar colony formation, and tumorigenicity in nude mice, double-replacement clones were 
indistinguishable from clones expressing only p53B (FIGS. 5 and 6, Tables 1 and 2). Ceils obtained by 
infecting in the other order, i.e., p53B-expressing cells infecied with Vpr:)3E-Neo, had the same phenotype. 

?5 Complete dominance of wild-type p53 activity was observed despite the -lO-fold lower quantities of wild- 
type than mutated p53 in these cells (FIG. 3). These results indicate that p53 can contribute to 
tumorigenesis only after loss of both wild-type alleles. They also indicate that restoration of wild-type p53 in 
tumor cells may have a suppressive effect, even in the presence of mutated p53 alleles. 

20 Function of p53 as a tumor suppressor. 



Introduction of wild-type p53 in human osteosarcoma cells lacking p53 expression clearly suppressed 
their neoplastic phenotype. indicating that p53 can function as a tumor suppressor gene In this system. 
Conversely, insertion ot mutated p53 into these cells augmented one aspect of their growth in culture 

25 (saturation density), thereby showing that mutated p53 retains a limited function, albeit one that was 
overridden by wild-type p53. These results are broadly consistent with those of other investigators who have 
addressed the influence of wild-type murine p53 on oncogene-mediated transformation of primary rat 
embryo fibroblasts. In these studios, cotransfection of plasmid DNA containing the wild-type p53 gene 
markedly reduced the transformation efficiency of several activated oncogenes, either singly or in combina- 

30 tions such as ras + myc or ras + E1A. Mutated p53 did not have this suppressive effect, and instead 
modestly boosted transformation efficiency. Wild-type p53 was also effective in reducing transformation by 
mutated p53 in concert with other oncogenes, suggesting "dominance" of the wild-type suppression 
function. Colonies recovered after transfection with wild-type p53 DNA either failed to express exogenous 
p53, or expressed only mutated p53. 

35 Thus, it appeared that expression of exogenous, wild-type p53 was incompatible with formation of 
transformed colonies. These data suggested that wild-type murine p53 could function as a suppressor of 
transformed cells, although a nonspecific, toxic effect of wild-type p53 was not easily excluded. In contrast, 
in development of the present invention, transformed cells were utilized, and growing clones with altered 
phenotype that stably expressed exogenous, wild-type p53 were obtained. These data in human cells, and 

40 the previous studies in mouse, together indicate that the tumor suppression function of p53 is a specific and 
fundamental property conserved across species boundaries. 

The nature of p53 mutation. 



45 It is known that murine p53 genes cloned from many cultured cell lines have point mutations that 
cluster in five conserved regions. This class of mutation was responsible for the initial impression that p53 
was a dominant oncogene, because such p53 DNA fragments or constructs were active in promoting 
transformation of rodent cells in a variety of assays. Furthermore, protein products of mutated p53 genes 
have common antigenic and biochemical characteristics that differ from wild-type p53 protein, including a 

50 prolonged half-Me that results in abnormally high cellular p53 protein levels. These features are quite 
reminiscent of other dominant oncogenes like myc and ras. On the other hand, gross deletions or 
rearrangements of the pS3 gene, incompatible with expression of a gone product have boon found in 
Friend-virus induced murine erythroleukemias, (Nature 314. 633-636 (1985)). Such mutations are considered 
to be characteristic of socalled tumor suppressor genes, and serve to inactivate their normal function To 

55 explain how both kinds of mutation could impart the same oncogenic phenotype. it was proposed that wild- 
type pb3 indeed functioned to suppress tumor formatior. and that the many known point mutations of p53 
actually sen/ed to inactivate this function. To explain the dominant transforming activity of mutated p53 
genes m primary cells, it was necessary to liypothesi/e tliat rnLitated p53 protein sor^iehow inactivated 

1 1 
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endogonous, wild-type p53 protein. This "dominant negative" effect might occur by inhibitory interactions 
between mutated and wild-type proteins, (Nature. 3P9, 2^9-222 (1987)1 Further interpretation ct these 
studies was limited by tfie technical drawbacks of transJection. and by tfie uncertain role of endogenous p53 
in pnmarv cells. 

5 In the human system, Vogelstern and colleagues have ^;hcwn in elegant studies that deletions and point 

mutations of pr>3 can coexist in colorectal, lung or breast carcinomas Loss of heterozygosity of polymor- 
phic markers in chromosome region t7p is seen frequently in these tumors, corresponding to the loss of 
one copy of the p53 gene (by deletion or mitotic nondisjunction). The remaining p53 aiiele is often affected 
by somatic point mutations in conserved regions. The end result is the loss of both wild-type p53 alleles 

10 from tumor cells The same loss also occurs in human osteosarcomas and hepatocellular carcinomas by 
deletion of both p53 alleles. Complete loss of wild-type alleles is highly analogous to findings with the 
retinoblastoma gene, and support the idea that p53 is a tumor suppressor gene However, Nigro et al., J. M. 
Nigro et ai., Nature 342. 705-708 (1989), described one colorectal carcinoma coexpressing both mutated 
(Asp"^^^ -> Gly] and wild-type p53 alleles. The existence of this tumor was interpreted as favoring an 

75 oncogenic activity of a single mutated p53 allele in the presence of wild-type p53; loss of the second, wild- 
type allele would contribute to progression of the tumor 

In the present invention, it has been found that the phenotype of Saos-2 cells with single copies of wild- 
type and mutated p53 alleles was indistinguishable from cells expjressing wild-type p53 alone, suggesting 
that wild-type p53 is dominant to mutated p53 in two-allele configuration. Given this result, other explana- 

20 tions for the discrepant colon carcinoma case may be considered: 1) an intermediate stage of p53 mutation 
was coincidentally captured, and p53 had not yet contributed to the neoplastic properties of this tumor; and 
2) the "wild-type" p53 allele in this tumor actually carried a functionally important mutation outside of the 
region sequenced (exons 5-9). On the other hand, it is possible that certain mutated p53 alleles behave 
differently than others, or that mutated p53 alleles function differently in other types of tumor cells than in 

25 our model Saos-2 system. These possibilities can be addressed by replicating experiments with other 
mutated p53 genes and other p53-negative ceils. 

Confusion in previous studies about the interaction between wild-type and mutated p53 have clouded an 
essential question: is mutated p53 completely tunctionless, i.e., is it equivalent to its complete deletion, or 
does it retains some limited function? It is concluded that the latter case is more probable. A single copy of 

30 mutated p53 increased in saturation density of Saos-2 cells, and of course this effect could not be mediated 
by inactivation of endogenous p53. Similarly, Wolf et al., (Cell 38, 119-126 (1984)). introduced what was 
probably a mutated p53 gone into AB-MuLV-transformed murine cells that lacked endogenous p53 
expression, and found that their oncogenic potential was increased. Therefore, mutated p53 alleles may 
confer a growth advantage or a more malignant phenotype in vivo to tumor cells without wild-type p53. 

35 The findings that mutated p53 has a biological function, and that its function is recessive to that of wild- 
type p53. are inconsistent with the hypothesis of a dominant negative effect, at least as it applies in natural 
human tumorigenesis The dominant transforming properties of mutated murine p53 alleles may be due to 
the high copy numbers of genes Introduced by transfection, and the resulting massive overexpression of 
mutated p53. Under these circumstances, even its limited intrinsic activity may be sufficient to contribute to 

40 a transformed phenotype. 

Mechanisms of p53 function. 

The physiological or biochemical functions of p53 are now known with certainty. In nontransformed 
45 cells. p53 synthesis and mRNA transcription increase dramatically during the transition from Go/Gi to S 
phase, indirectly suggesting a role in celt cycle regulation. Recent evidence also points to a possibly related 
activity in regulating DNA replication. Studies on suppression of the neoplastic phenotype may provide 
general parameters for understanding the normal function of p53. It is clear, for example, that p53 is not 
required for progression of the cell cycle, nor is its presence necessarily preventive of cell growth and 
50 division. Therefore, it may participate in regulation of these basic cellular processes in response to external 
growth or differentiation signals. Wild-type and mutated p53 can differ by a single amino acid yet have 
opposing functions in the cell. Under conditions of equal gene dosage, wild-type p53 is able to overndo the 
influence of mutated p53 despite a 10-fold molar excess of the latter. These observations may be explained 
by competition of wild-type and mutated p53 for common cellular targets, for which wild-type p53 is much 
55 more avid. In this model, wiid-type and mutated p53 would transmit opposite growth signals to these 
targets, with total absence of p53 perhaps an intermediate signal. Alternatively, mutated p53 may act m an 
independent pathway to promote selective features of the neoplastic phenotype. 
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Genetic mechanisms of p53 inactivation. 



The dominaDce of wild-type Dver mutated p53 ifi a lwo-atie!e configuration implies that both wild-type 
pb3 alleles must be lost for an oncogenic effect. In this respect, p53 conforms to a model of tumor 

5 Suppressor gene inactfvation that can bo understood in the case of the retinoblastoma gene. In this regard, 
reference may be made to pending applications Retinoblastoma Gene Cancer Suppressing and Regulator. 
Serial No 108,748, filed October 15. 1987 and Suppression of the Neoplastic Phenotype, Serial No. 
265,829. filed October 31, 1988. Complete loss of the RB gene product is so far universal in re- 
tinoblastomas, and wild-type and mutated RB alleles have not been observed to coexist in tumor cells. 

w These findings suggest that F^B contributes to oncogenesis only after its complete inactivation On the other 
hand, many tumor cells have normal RB expression, and are neoplastic presumably because of mutations 
in other genes. In such RB-t- tumor cells, introduction of additional, exogenous RB may have little or no 
effect; for example, it has been found that RB + U20S osteosarcoma cell lines with wild-type p53 alleles are 
not known to exist The results obtained to date indicate that p53 has broad suppression activity in several 

75 types of human tumors. Thus, the suppression effect of exogenous RB or p53 may occur only in tumor 
cells with inactivated RB or p53 genes. These shared properties of RB and p53 reinforce the tumor 
suppressor gene concept, including the possible clinical utility of their replacement in appropriate tumor 
cells. 

20 Summary. 



Mutations of the gene encoding p53, a 53 kD cellular protein, are found frequently in human tumor 
cells, suggesting a crucial role for this gene in human oncogenesis. In order to model the stepwise mutation 
or loss of both p53 alleles during human oncogenesis, a human osteosarcoma cell line, Saos-2 was utilized 

25 that lacked endogenous p53 due to complete deletion of the gene. Single copies of exogenous p53 genes 
were then introduced by infecting cells with recombinant retroviruses containing either wild-type or point- 
mutated versions of the p53 cDNA sequence. It was found that 1) expression of wild-type p53 suppresses 
the neoplastic phenotype of Saos-2 cells; 2) expression of mutated p53 confers a limited growth advantage 
to cells in the absence of wild-type p53; and 3) wild-type p53 is phenotypically dominant to mutated p53 in 

30 a two-allele configuration. These results indicate that, as with the retinoblastoma gene, mutation of both 
alleles of the p53 gene is essential for its role in oncogenesis. 

While particular embodiments of the present invention have been disclosed, it is to be understood that 
various different modifications are possible and are contemplated within the true spirit and scope of the 
appended clairtis. There is no intention, therefore, of limitations to the exact abstract or disclosure herein 

35 presented. 

Claims 

1. A cloned cDNA for suppressing the neoplastic phenotype comprising: 
40 p53 and fragments, portions, derivatives and homologues thereof. 

2. A gene protein product having an amino acid sequence comprising: 
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1/1 31/11 

not 9lu glj pro gin ccr acp pro ccr val qlu pro pro leu scr gin glu thr phc Gcr 

61 / 21 91 / 31 

asp leu trp lys leu leu pro glu asn asn val leu ser pro leu pro scr gin ala net 

121 / 41 151 / 51 

ai;p asp Itfu met leu ser pro asp asp ile glu gin trp phe thr glu asp pro gly pro 

181 / 61 211 / 71 

asp glu ala pro arg net pro glu ala ala pro arg val ala pro ala pro ala ala pro 

" 241 / 81 271 / 91 

thr pro ala ala pro ala pro ala pro ser trp pro leu ser ser ser val pro ser gin 
301 / 101 331 / 111 

lys thr tyr gin gly ser tyr gly phe arg leu gly phe leu his ser gly thr ala lys 
361 / 121 391 / 131 

ser val thr cys thr tyr scr pro ala leu asn lys met pha cys gin leu ala lys thr 
421 / 141 451 / 151 

cys pro val gin leu trp val asp ser thr pro pro pro gly thr arg val arg ala met 
481 / 161 511 / 171 

20 ala ile tyr lys gin ser gin his met thr glu val val arg arg cys pro his his glu 

541 / 181 571 / 191 

arg cys ser asp ser asp gly leu ala pro pro gin his leu ile arg val glu gly asn 

601 / 201 631 / 211 



25 



leu arg val glu tyr leu asp asp arg asn thr phe arg his ser val val val pro tyr 
661 / 221 691 / 231 

glu pro pro glu val gly ser asp cys thr thr ile his tyr asn tyr net cys asn ser 

721 / 24 1 751 / 251 

ser cys laet gly gly met asn arg arg pro ile leu thr ile ile thr leu glu asp ser 
781 / 261 831 / 271 

30 

ser gly asn leu leu gly arg asn ser phe glu val arg val cys ala cys pro gly arg 
841 / 281 871 / 291 

asp arg arg thr glu glu glu asn leu arg lys lys gly glu pro his his glu leu pro 

901 / 301 931 / 311 

35 pro gly scr thr lys arg ala leu pro asn asn thr ser scr ser pro gin pro lys lys 

961 / 321 991 / 331 

lys pro leu asp gly glu tyr phe thr leu gin ile arg gly arg glu arg pha glu not 
1021 / 341 1051 / 351 

phe arg glu leu asn glu ala leu glu leu lys asp ala gin ala gly lys glu pro gly 
40 1081 / 361 1111 / 371 

gly ser arg ala his ser ser his leu lys ser lys lys gly gin ser thr ser arg his 
1141 / 381 1171 / 391 

lys lys leu met phe lys thr glu gly pro asp ser asp OPA 



3. A method of suppressing the neoplastic phenotype of a cell connprising: 

using a cloned p53 cDNA; and 

delivering sard cloned p53 cDNA to the cell. 

50 

4. A method of suppressing the neoplastic phenotype of a coll comprising: 

using a p53 protein product; and 
delivering said protein product to the cell. 

55 5. A cDNA clone for suppressing the neoplastic phenotype comprising; 
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GAG 
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GAG 
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CAT 


CCT 
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31 
GAG 
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CCC 


11 

CCT 
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GAC 
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21 
TGG 


AAA 


CTA 


CIT 
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GTT 


/ 
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GAT 
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GAT 
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151 
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CAA 
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CCA 


GGT 
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GAA 


61 
GCT 


CCC 
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ATG 
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GAG 


GCT 
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211 
CCC 


/ 
CGC 
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GCC 


CCT 
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GCA 
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CCT 


w 


241 
ACA 
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CCG 
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TCC 


271 
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AAA 
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1b 
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481 
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/ 
ATC 


161 
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6. A clone of claim 1 having approximately 1300 base pairs. 

7. A cDNA Clone and portions, fragments, derivatives and homologues thereof, expressing p53 polypep- 
tide. 

50 



15 



EP 0 475 623 A1 



p53L N 



72 122 



CGC GTG 
Arg Vol 

72 122 



249 273 

AGG CGT 
Arg Arg 

249 273 



p53B N- 



p53E N- 



CGC GTA 
Arg Vol 

72 122 



AGA CGT 
Arg Arg 

249 273 



CCC GTG AGG CAT 

Pro Val Arg His 

FIG. lA 



H 



R 

S B IH 



Vp53E-Neo LTR 



p53E 



H 



RSV 
R 

S 8 H 



Vp53B-Neo [Itr}— | p53B [ — h 



•c ^ 



Nco 



RSV 

H SB 



R 



Vp53B- I LTR 
Hygro 



p53B 



H 



RSV 



•c J 



t- | / 1 Nco | — -L- l LTR I 



LTR 



B 



Hygro H LTR 



1Kb 



FIG. IB 



16 



EP 0 475 623 A1 




EP 0 475 623 Al 



to 
ro 



UJ 00 

to ro 
lo to 

ex. CL. 



I 
I 

I 



o 
ro 



CVJ 

o 

GO 



in 
ro 



I 

I 
I 
I 

i 



CD 

ro 



ro 



EP 0 475 623 A1 



Ml 2345678 




FIG. 4 



EP 0 475 623 A1 




20 



EP 0 475 623 A1 




o ¥ • 



™ 7 7 " « 

c 2 Z r 2 z 

41 UJ UJ ULl m UJ 

>- to n o P5 

«) irt m i/j in m 

a a a Q. a a 

• ■ □ O ■< * 




mill I — r 



I I I I I I — r 



Cell number 



r :s 21 X 2: 

j; W CQ CQ UJ 
^ m 

t4 \r\ \r\ ir\ 

a a a a 



OHQQ 



r 



o 

CO 



o 



o 



o 



Doubling Time 



EP 0 475 623 A1 



— cvj 
I I t 



CO ro 
I 



I 



CD CO OD 

i I i 

T T I T 

^ 2 Z Z 2 

^ UJ LU UJ UJ 

o fO ro ro ro 

o in ir> LO to 

CO o. o. o. 



kb 



kb 



CO CO CD 
J_ I I 

^UJ UJ UJ UJ 
o ro ro to ro 
O LO lO in ID 
CO Q. CL Q. CX 



12 
10 
8 

6 
5 
4 



12- 
10 
8- 

6- 
5- 
4- 



3 - 



2 - 



3 
2 



1 - 



1 - 



FIG.7A 



FI6.7B 



22 



turopc^n Patcot EUROPEAN SEARCH REPORT 

Office 



DOCUMENTS CONSIDERED TO BE RELEVANT 



D, A 



D,A 



SCIENCE, vol. 247, 
February 9, 1990 
Washington, USA 
R. BOOKSTEIN et al. "Sup- 
pression of Tujuorigenicity 
of Human Prostate Carcinoma 
Cells by Replacing a Mutated 
RB Gene . " 
pages 712-715 
* Abstract * 

CHEMICAL ABSTRACTS, vol. 107, 
no. 25. December 21, 1987 
Columbus, Ohio, USA 
T» SOUSSI et al. "Cloning and 
characterization of a cDNA 
from Xenopus laevis coding 
for a protein homologuous to 
human and murine p5 3." 
page 208, right column, 
abstract-no. 230 321n 

& Oncogene 1987, 1(1), 71- 

CHEMICAL ABSTRACTS, vol. 106, 
no. 9, March 2, 1987 
Columbus, Ohio, USA 
N. HARRIS et al. "Molecular 
basis for heterogeneity of 
the human p5 3 protein." 
page 143, right column, 
abstract-no. 62 030a 

& Mol. Cell. Biol. 1986, 

6(12) , 4650-6 

MOLECULAR AND CELLULAR 
BIOLOGY, vol. 6, no. 5, 
May 1986 
Washington, USA 
P. LAMB et al. "Characteri- 
zation of the Human p53 



The pnstan ccarck hm keen 4nmm w^UrtM timam 



RckvuM 



3,4 



1,2,5- 

7 



1,2,5- 
7 



1,5,7 



VIENNA 



18-12-1991 



E? 91307791.3 



OJ^mOITION OF THE 
APPUCATION Oit. CLS) 



A 61 K 48/00 
A 61 K 37/02 
C 12 N 15/11 
C 07 H 21/00 
C 07 H 13/00 



TECHNICAL FIELDS 
SCAKCH£D(IM.<X5) 



A 61 K 
C 12 N 
C 07 H 



SCHNASS 



CATLCORY OF CITtD DO<X'ME^fTS 
O : M»-vHtiai ihdmmt 



T : ikmrj or pHtdptc «a4criytaa l«v«rtM 

O : ««caMt di«4 b tW a ^ pB citto i 
L : ioemmtm di«4 im mkm tm n m t 



European Patent 
OrTice 



EUROPEAN SEARCH REPORT 



DOCUME^^^s considered to be relevant 



-2- 

EP 91307791.3 



CiutioB d»cumciii wnh imtficab^ii, wbrrr appr^pnatc. 



Gene . " 

pages 1379-1385 

* Abstract; fig. 2 * 

CHEMICAL ABSTRACTS, vol. 103, 

no. 19. November 11, 1985 

Columbus, Ohio, USA 

R. ZAXUT-HOURI et al . "Human 

p53 cellular tumor antigen: 

cDNA sequence and expression 

in COS cells. " 

pages 204-5, right and left 

columns . eibstract-no . 

155 130m 

& EMBO J. 1985, 4(5), 

1251-5 

CHEMICAL ABSTRACTS, vol. 103, 
no. 15, October 14, 1985 
Columbus r Ohio , USA 

D. WOLF et al. "In vitro 
expression of human p53 cDNA 
clones and characterization 
of the cloned human p53 
gene . " 

page 190, right column, 
abstract-no. 117 348f 

& Mol. Cell, Biol, 1985, 

5(8), 1887-93 

CHEMICAL ABSTRACTS, vol. 103, 
no. 11, September 16, 1985 
Columbus, Ohio, USA 

E. HARLOW et al. "Molecular 
cloning and in vitro expres- 
sion of a cDNA clone for the 
human cellular tumor anti- 
gen p5 3." 

page 156, right column, 
abstract-no. 82 693k 



Tbe prcsnt irarck rtpft hm$ bctai dr»w» «p f •«> aH daiM 



u daim 



CLASSinCATION OF THE 
APPUCAHON (I»t. O.^ 



1,5 



1,5-7 



TECHNICAL FIELDS 
SEAKCHE3> (!>■• CL5) 



1,5-7 



VIENNA 



18-12-1991 



SCHNASS 



CATtCOtV OF QTED IKXUMENTS 



X : p«nk«laHy rckvMl IT twkm bUm 
docmwMm «f dM nmt cal«|M7 

O: 
P : iM 



D : iomait dMi la thm ■ppW call — 
L : iocsMt d»wi 9m mhm tmmm 

« : mtmkm d lb« fttm hmOf, c m n uf mil mt 



J 



European PalcDt 
Onke 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cttejory 



CitariM of doovwnt wkk sitficaCiftB, wlm ■ppr*fhalc. 



& Mol. Cell. Bioi. 1985, 
5(7), 1601-10 

CHEMICAL ABSTRACTS, vol. 102, 
no, 13, April 1, 1985 
Columbus, Ohio, USA 
G. MATLASHEWSKI et al . 

"Isolation and characteri- 
zation of a human p5 3 cDNA 
clone: expression of the 
human p53 gene. " 
page 175, left column, 
abstract-no. 107 319n 

& EMBO J. 1984, 3(13) , 

3257-62 



RdevMl 



-3- 

EP 91307791.3 



dJ^inCAHON OF THE 
APPUCATION a«' CLS) 



1,5-7 



TECHNICAL FIELDS 
SEAJtOiEDOiL CX5) 



The pnaatt ttmrxk rtf^ hm b««i 19 r*r »■ 





1 Dmml ilWiltttt— ^ 


tiiii r 


VIENNA 


18-12-1991 


SCHNASS 



CAHXORY OF OTtD DOCLMDsTTS 
X : pvtkaUriy nkanm If tiUa 

4ocsaM«t ti tU WM caioftqr 
O : m m T »t— ihdmmn 



E : tuiim fmtmi 4m»mi, hm pvUlsM M, or 

ali« iko flllBt Me 
D : 4ocaMl dioi la tte apHlcatfoa 
L : ill I — 111 dtorf for m%m tmmm 

A : mMt if iko saM paiMt family, iM tt mf mi lH 



